The control of organism and organ size is a central question in biology. Despite the attention it has received, our understanding of how adult organ size is determined and maintained is still incomplete. Early work has shown that both autonomous and regulated mechanisms drive vertebrate organ growth, and both intrinsic and extrinsic cues contribute to organ size. The molecular nature of organ-size determinants has been the subject of intense study, and major pathways, which underlie cell interactions controlling cell compartment size,
A dult body mass in mammalian species ranges from 1.5 grams in adult Etruscan shrews (Suncus etruscus) to 150,000,000 grams in blue whales (Balaenoptera musculus), yet they all develop from eggs of roughly the same size (Austin 1961) . And, although all mammals conform to a similar body plan, the proportions of different organs and tissue compartments vary tremendously among species. These simple observations exemplify the enormous potential for growth of mammalian organisms, but also the fact that size is no accident because it is the result of a tightly controlled process. However, our understanding of this critical feature of animal biology remains incomplete.
Animal organ size must comply with a complex set of biological and ecological constraints to ensure survival. Organ morphogenesis and growth must be tightly coordinated to ensure that the body plan is correctly established, as a deformed animal would have its survival severely compromised. Yet, organ growth must also be flexible enough to adapt to environmental challenges, such as injury or changing food availability. There are also constraints imposed by the animal's life cycle, including growth associated with sexual maturation and dimorphism. And, finally, each organ must meet needs specific to its function, which requires rapid cell turnover in some tissues, but virtually none in others. Not surprisingly, under these constraints, organ-size determination in mammals has evolved to be a complex process. In this article, we will review the progress made toward understanding how mammalian body and organ size is determined, first, by examining how early experiments have identified different modes of size determination in mammals, and then by reviewing the expanding body of work characterizing a network of molecular mechanisms underlying them.
CHARACTERISTICS OF MAMMALIAN GROWTH Study of Animal Growth: Autonomous versus Regulated Growth
Examination of growth properties has historically involved two major approaches. The first aims to determine whether a tissue compartment is subject to a size "set point" by characterizing its response to cell number alteration. Compensation by changes in cell growth, proliferation, or survival is evidence of "regulated" growth: the compartment size is "sensed" and correspondingly adjusted. Lack of a set point indicates that growth is driven by an "autonomous" program, which is insensitive to compartment size. Even then, final size is not necessarily fixed, as the execution of the program might be modulated by intrinsic and external factors. This type of approach was initially limited to surgical ablation and engraftment, but the advent of genetic manipulation has considerably increased its scope and value by allowing precisely targeted cell number alterations in almost any tissue in a temporally controlled manner and with the added possibility of cell lineage tracking. The second approach aims to determine the nature of signals regulating growth by characterizing compartment response to a change in the external or intrinsic environment. Heterotypic and heterochronic graft, parabiosis, and nutrient restriction could all be included in this group, along with alteration of cell microenvironment via gene expression and protein function manipulation. Taken together, these approaches have succeeded in uncovering major principles of organ-size determinations, as we will discuss below.
Whole Body Size Control in Mammals

Growth Control during Early Embryonic Development
Because conformation of the animal body plan is a major constraint size for all organs, it is useful to review what is known about how body size is determined in mammals. Control of cell number in preimplantation embryos was among the first features of size determination to be studied. Blastomere ablation or embryo scission up to the third cleavage stage results in smaller blastocysts containing fewer cells. However, increased proliferation is observed starting shortly after implantation, at embryonic day 7.5 in mice, resulting in normalization of embryo size by midorganogenesis (E10.5) (Tarkowski and Wró -blewska 1967; Rands 1986 ). Conversely, postimplantation mouse embryos, resulting from morula aggregation, grow more slowly and their size is normalized by E7.5 (Lewis and Rossant 1982) . Hence, embryo size in mammals is governed by an autonomous growth program early in development, but then switches to a program whereby size is tightly regulated to a predetermined set point, at least until mid-or late organogenesis.
Control of Late Embryonic and Postnatal Growth by Regulative and Autonomous Mechanisms
The existence of "extrinsic" (regulative) mechanisms modulating late embryonic and postnatal growth was also established decades ago, based on the observation that a transient deficit of amino acids results in accelerated "catch-up" growth in mammals after normal nutrition is restored (Osborne and Mendel 1914; Tanner 1963) . The observation of the effect of pituitary gland ablation on bodily growth in 1909 led to the discovery of growth hormone (GH) in the 1920s and its purification in the 1940s (Aschner 1909; Kopchick 2003) . GH deficiency results in slowed postnatal growth and reduced body size, whereas transgenic animals overexpressing GH display increased growth and size (Palmiter et al. 1982; Hull and Harvey 1999) . However, linear growth rates in GH-deficient animals still decline with age at a pace identical to that of agematched controls (Lupu et al. 2001) . Similarly, GH-treated animals display normal age-related growth deceleration if the ratio of GH to body mass is kept constant (Mathews et al. 1988) . This indicates that age-related growth deceleration is not controlled by GH levels, whereas the phenomenon of catch-up growth further suggests that growth deceleration is driven by how much growth has already taken place, rather than by the chronological age of the animal.
The question of whether late embryonic size may also be subject to "set point control" requires similar methods of unbiased, body-wide cell ablation and assessing for catch-up growth. Although such an approach has not been taken experimentally, a similar situation has been found to result naturally from mutation of the pericentrin gene in humans. The pericentrin protein is a component of centrosomes and loss of its function results in an increased frequency of abnormal mitoses, leading to cell arrest or death, thus reducing growth efficiency. Pericentrin mutations cause primordial dwarfism, a rare condition characterized by slowed growth, starting during gestation. Organ and body size are reduced, but proportions are preserved except for some craniofacial bones (Delaval and Doxsey 2010) . Continually impaired cell proliferation and loss are, therefore, not compensated for during late embryonic and postnatal growth in humans, arguing against the existence of a mammalian set point for body size.
Vertebrate Organ-Growth Properties
Organ Size Is Determined by Extrinsic and Intrinsic Cues
The existence of overlapping mechanisms of size regulation in vertebrate organs was also first revealed by early work, most notably the studies of amphibian limb growth performed by Harrison in the 1920s (Harrison 1924) . Harrison took advantage of the differences in growth in two closely related species of salamander, Ambystoma punctatum (now maculatum) and Ambystoma tigrinum. These species are similar in size at the time of metamorphosis, but punctatum larvae develop their limbs earlier and reach smaller adult sizes than tigrinum. Harrison cross-transplanted limb buds between the species to surprising results: punctatum limbs grafted on tigrinum larvae grew to be smaller than corresponding donor limbs, whereas tigrinum buds grafted in punctatum larvae reached gigantic proportions. Harrison concluded that size was determined by integration of a limb-intrinsic "potential," which was greater in tigrinum, and a systemic "regulator" more active in punctatum (Harrison 1924) .
Size-Control Mechanisms Differ across Mammalian Organs
Adult organs in mammals display dramatically varying degrees of plasticity. Liver mass, for example, is tightly regulated to a set point. Surgical ablation of liver lobes results in rapid growth of the remaining lobes, bringing back the organ within 5% of its original mass in a few days. Liver transplantation to a recipient larger than the donor also induces growth, resulting in rapid normalization of liver-body ratio. Conversely, large-for-host transplanted liver mass decreases as a result of increased apoptosis (Fausto et al. 2006 ). In animals with linked blood circulation ( parabiosis), partial hepatectomy induces compensatory growth of both livers, showing that liver size is influenced by systemic factors still unidentified (Bucher et al. 1951; Moolten and Bucher 1967) . In contrast, the thymus, kidney, gut, and cartilage growth plates do not alter their growth on transplantation (Lui and Baron 2011) . Regenerative capacity is very limited in most mammalian organs; however, responses depend on the nature of the injury. For example, obstruction of the main pancreatic duct results in acute inflammation and pancreatic tissue destruction, but full regeneration occurs once the obstruction is resolved. Partial resection of the pancreas, in contrast, elicits no response. Resected small intestine does not increase in length even in juvenile individuals; instead, enteric villi increase their length to compensate for lost absorption surface (Stanger 2008) .
Developing and Mature Organ Size Is Controlled by Different Processes
Differences in organ plasticity arise early during organ development. Cell ablation via targeted expression of the diphtheria toxin in liver progenitor cells of transgenic mice results in compensatory proliferation and restoration of normal liver by the time of birth. In contrast, ablation of pancreatic progenitors using the same approach results in a proportional reduction of pancreas size. The two organ primordia, therefore, show different size regulation despite the fact that both arise from a shared pool of progenitors in the early foregut (Stanger et al. 2007 ). Further complicating this picture, some organs display different plasticity during embryonic and postnatal growth. The early limb bud, for instance, is capable of regeneration on partial ablation. However, it rapidly loses as development proceeds, indicating a switch from regulated to autonomous growth (Müller et al. 1999) . In others, both types of regulation seem to co-exist: while the hematopoietic bone marrow exhibits a high degree of plasticity, the number of hematopoietic stem cells is determined by an autonomous mechanism (Müller-Sieburg et al. 2000) .
Characterizing Mammalian Organ Growth at the Cell Level: Morphogenetic versus Homeostatic Growth?
Organ Growth Is Driven by Two Distinct Cellular Processes
Although the results discussed above paint a complex picture, a look at the cellular mechanisms driving organ growth might provide some insight into the process of organ-size regulation. Most tissue compartments in vertebrates are constituted around a self-renewing stem-cell population, giving rise to one or more differentiated cell types. Stem cells reside in a variable number of anatomically discrete niches acting as independent morphogenetic units. Enteric crypts, pancreatic acini, skeletal growth plates, and the entire hematopoietic cell compartment could be considered each a morphogenetic unit. In some cases, such as the liver, differentiated cells are capable of self-renewal without the need for a stem cell (Yanger et al. 2013 ). However, liver lobes behave as a discrete morphogenetic unit as they are anatomically isolated from each other. It is, therefore, reasonable to consider organ size to be the coordinated outcome of two modes of growth control: "morphogenetic growth," involving creation of morphogenetic units, and "homeostatic growth," resulting from increase in morphogenetic unit size (Fig. 1) .
Morphogenetic growth is largely an autonomous process. Morphogenetic unit formation in mammals occurs mostly during embryonic development. The number of units produced in organ primordia is dependent on progenitor pool size, which is regulated in the early embryo, but becomes autonomously determined in specific organ lineages. The reason for this is not fully understood, but growth and differentiation themselves may act as factors restricting progenitor pool plasticity. This is illustrated in the limb bud in which growth is driven by signals from the apical ectodermal ridge that are, in turn, disrupted by growth (as further discussed below) (Cohn et al. 1995; Tanaka et al. 1997) . In some cases, however, new morphogenetic unit formation might extend beyond embryonic development. This is the case in the intestine in which new crypts are produced by fission of existing ones. This phenomenon likely plays a role in the elongation of the bowel during postnatal growth, but it is not observed in response to injury, suggesting that it might be under control of GH levels, an autonomous program, or both (Cummins et al. 2006) .
Homeostatic growth can be autonomous or regulated. Morphogenetic unit size, on the other hand, is clearly regulated in most mature organs, but the mode of size determination varies, arguably as result of evolutionary adaptation to the function of each organ. Organs with functions requiring rapid adaptation and variable functional output, such as the liver, muscles, or the hematopoietic stem-cell compartment, are tightly regulated to a set point, which supposes the existence of "thermostats" by which the organ can sense physiological stress. The size of organs that do not need to meet changing demands is determined either autonomously or by interaction with a "scaffold" compartment the size of which is, in turn, autonomously determined. This paradigm is illustrated by the acinar pancreas, which regenerates as long as the subjacent ductal compartment is maintained (Stanger 2008) . Size of the ductal compartment, in turn, is set early during development and its subsequent growth is not regulated. Consistent with this idea, the mass of the endocrine b-cell compartment, which plays a critical role in metabolic regulation, is subject to regulation and compensatory growth, despite sharing the same progenitor pool as the acinar and duct compartments (Bouwens and Rooman 2005) .
MOLECULAR MECHANISMS OF GROWTH AND SIZE CONTROL
The work performed in the premolecular age of biology established the complex character of size regulation in mammals, and led to the proposal of a number of potential mechanisms driving this process. The molecular basis of size regulation is currently an active and expanding field of research. Although a complete picture has yet to emerge, critical findings have not only provided a molecular basis for some of the previous results, but have, in addition, identified new modes of size regulation. 
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Regulation by Soluble Growth Factors
The GH/insulin growth factor (IGF) axis is the main modulator of body size in mammals. Early in vitro studies into the function of the mammalian GH showed that, although GH treatment induces cell proliferation in cartilage in vivo, it had no effect on cultured cells. However, cultured cartilage does respond to normal serum, indicating that GH effects were mediated by at least a second blood-borne factor (Salmon and Daughaday 1957) . This factor was later identified as IGF-1. IGF-1 is a potent mitogen in most cell types and its deficiency results in dwarfism that does not respond to GH treatment. Allelic IGF-1 polymorphisms, resulting in varying serum protein levels, have been shown to account for the body size diversity in domestic canine breeds, further demonstrating its key role in adult body size determination. In contrast to GH, reduced IGF activity affects prenatal growth, indicating that additional mechanisms maintain IGF levels during development. IGF-1 is produced in many cell types in response to GH, but the main source of circulating IGF protein is the liver ( 75%), suggesting that the mechanisms regulating liver primordium size may also play an important part in body size determination during late development (D'Ercole 1993; Puche and Castilla-Cortázar 2012). Soluble factors regulate both morphogenetic and homeostatic organ growth. Progenitor pool size in many embryonic organ primordia is affected by growth factors produced by surrounding cells, but also by the progenitor pool itself. For example, early limb bud growth is driven by members of the fibroblast growth factor (FGF) family, secreted by the apical limb bud cells (Cohn et al. 1995) . FGF expression is maintained through a feedback loop, involving bone morphogenetic proteins (BMPs), produced by the flank mesenchyme, which antagonize FGF (Fig. 2) . BMPs are inhibited by the Gremlin protein, produced in response to low FGF levels. High FGF levels, however, repress Gremlin expression. As the limb grows, FGF levels increase and disrupt the loop, terminating growth (Verheyden and Sun 2008) . Dissecting the role of growth factors in embryo size control, however, is difficult as cell fate decision and growth decision are often linked, as shown by the fact that FGF reduction in the limb bud leads to truncated limbs rather than smaller, but well-formed limbs (Sun et al. 2002) .
In adult organs, growth factors act as "thermostats," regulating organ size in response to physiological stress. One of the best-characterized examples is that of erythropoietin, which drives hematopoietic cell proliferation and differentiation, and is produced by liver and kidney cells in response to hypoxia (Jelkmann 2011) . Alternatively, organs may regulate their own size by producing organ-specific growth inhibitors. The existence of these factors or "chalones" was proposed by Bulloughs when he observed that wounding the skin on one side of rat ears induced proliferation on the uninjured side (Bullough 1965; Gamer et al. 2003) . Chalones remained hypothetical until identification of myostatin, a protein of the TGF-b family produced by myoblasts. Animals and humans lacking myostatin display increased muscle mass, showing that it acts as muscle-specific growth inhibitor (Schiaffino et al. 2013 ). Another TGF-b family member, GDF11, is produced by embryonic olfactory epithelium cells and determines the olfactory epithelium size by inhibiting progenitor-cell proliferation (Wu et al. 2003) . Surprisingly, no other chalones have been identified, even in organs with a size set point, such as in the liver. One possible reason is that the nature of chalones may not be limited to peptide growth factors. There is evidence suggesting that liver size might be regulated by biliary salts, small lipid molecules produced by the liver and recaptured by the portal circulation. They regulate transcription by binding to the nuclear farnesoid X receptor (FXR). FXR activation is required for liver regeneration after partial hepatectomy (Huang et al. 2006 ). Another possibility is that adult organ sizes might be regulated through cascades and signaling loops, rather than single factors, in a manner similar to that described in the embryonic limb bud (Fig. 2) .
The Akt/mammalian target of rapamycin (mTOR) pathway integrates extracellular signals regulating growth. Growth factors act by binding to specific receptors that trigger intracellular signaling cascades modulating the processes of cell proliferation, growth, and survival. These cascades are often interconnected or overlapping, allowing for integration of multiple environmental inputs into a coherent cell response. In vertebrates, a considerable amount of work has shown the central role of the Akt/mTOR signaling pathway in the transduction and integration of a wide range of growth stimuli.
The central element of the pathway is the Akt serine/threonine kinase. Activation of Akt is initiated by translocation of the protein to the plasma membrane, mediated by binding of its pleckstrin homology domain to membrane phosphatidylinositol (3,4,5)-triphosphate (PIP 3 ). Membrane-bound Akt is then phosphorylated and activated by the PI-dependent kinase (PDPK1) and the mammalian target of rapamycin complex (mTORC) 2. PIP 3 is synthesized by the PI3 kinase (PI3K) and degraded by the PTEN phosphatase. PI3K is, in turn, activated by several major classes of growth factor receptors, including tyrosine kinase, cytokine, TGFb, and G protein coupled receptors. The most potent activator of Akt in mammalian cells is the IGF receptor. Akt activity is also regulated by the cell energy metabolism via mTORC2, which is activated by the AMP-dependent kinase (AMPK) (Altomare and Testa 2005; Memmott and Dennis 2009; Tumaneng et al. 2012) . . Shh drives expression of the bone morphogenetic protein (BMP) inhibitor Gremlin. BMPs are secreted by the proximal mesenchyme and inhibit FGF expression. Gremlin expression is also negatively regulated by FGFs. As the limb bud grows, ZPA cells become exposed to decreasing FGF levels, resulting in disruption of the signaling loop and growth arrest. (B) Muscle mass regulation by myostatin, a TGF-b superfamily member secreted by skeletal muscles. Increased muscle mass leads to higher circulating myostatin levels, which inhibit both myogenesis and muscle fiber growth. Myostatin thus functions as "chalone," an organ-specific growth inhibitor that acts as a "thermostat" of organ-to-body mass ratio.
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Cite this article as Cold Spring Harb Perspect Biol 2015;7:a019240 Akt activation promotes growth, proliferation, and survival in most vertebrate cell types. Its effects are mediated in several ways. mTORC1 mediates most of the effects on cell growth by promoting ribosomal output via the S6 ribosomal kinase. mTORC1 is also regulated by amino acid availability and hypoxia. Akt can suppress apoptosis directly by phosphorylating and inactivating the proapoptotic protein Bad, and also indirectly by down-regulating FasL expression and activating nuclear factor k-light-chain-enhancer of activated B cells (NF-kB) signaling. Finally, Akt induces cell proliferation by inhibiting the activity of the glycogen synthase kinase-3 (GSK3), resulting in stabilization of the myc and cyclin D1 proteins, which promote cell cycle progression from the G 1 to the S phase. In addition, Akt also phosphorylates cyclin inhibitors p27Kip and p21WAF, resulting in their exclusion from the nucleus and release of cyclin inhibition. Activation of PI3K can also promote progression through the G 2 /M transition in vertebrate oocytes, but the mechanism behind this effect is not well understood, and it is unclear whether the Akt pathway plays a role in G 2 /M progression in somatic cells (Altomare and Testa 2005; Memmott and Dennis 2009; Tumaneng et al. 2012) .
Several lines of evidence indicate that the Akt pathway plays a central role in mammalian growth regulation in vivo. Akt1 deletion in mice results in dwarfism (Chen et al. 2001; Peng et al. 2003) . In humans, mutations resulting in Akt activation cause Proteus syndrome, a condition characterized by localized excessive growth of bone, muscle, skin, and connective tissue. The characteristically variable distribution of abnormal growth results from a mosaic distribution of the mutations, which are acquired spontaneously during early development. Similarly, PTEN mutations have been implicated in Bannayan-Riley -Ruvalcaba syndrome, characterized by emergence of benign neoplasms (hamartomas) in multiple tissues. Perhaps the most compelling evidence of the central role of the Akt pathway is, however, the fact that many Akt pathway mutations display oncogenic or tumor suppressor activity and that they are found in most malignant neoplasms (Cheung and Testa 2013) .
Regulation by Localized Cell Interactions
Cell competition is a potential size regulation mechanism. Because early embryos develop in isolation and are composed of undifferentiated cells, their size must be regulated by horizontal cell interactions. A growing body of work suggests that the phenomenon of cell competition could be one such mechanism. Cell competition is triggered by differences in growth rates across cells. It results in apoptosis of the slower growing cells and compensatory growth of the advantaged cells, thus, preserving total population size. Cell competition was initially identified in mosaic Drosophila imaginal discs carrying "minute" mutations, which impair ribosomal synthesis and cell growth (Morata and Ripoll 1975) . The molecular mechanism involved is not fully understood. In addition to "minutes," differences in Myc expression levels have been shown to result in cell competition, and Myc overexpression can turn imaginal disc cells into "supercompetitors," which drive wild-type cell elimination from the disc (de la Cova et al. 2004; Moreno and Basler 2004; Johnston 2009 ). Cell competition in mammals was initially suggested by the observation that embryonic rat liver progenitors grafted into adult livers increase their number over time, whereas total liver mass is preserved. This is accompanied by increased apoptosis of recipient cells in the vicinity of the grafts (Dabeva et al. 2000) . Two recent studies elegantly showed that induced and endogenous differences in Myc expression levels result in cell competition in mouse embryonic stem-cell cultures, as well as in the embryonic epiblast in vivo, raising the possibility that early mammal embryo size might be regulated, at least in part, through cell competition (Clavería et al. 2013; Sancho et al. 2013) .
The Hippo pathway regulates the size of some mammalian organs. In flies, the Hippo pathway has been implicated as a driver of cell competition upstream of myc (Neto-Silva et al. 2010; de Beco et al. 2012) . The pathway con-sists of a kinase cascade (consisting of the Hippo and Warts kinases), which negatively regulates a transcriptional coactivator (Yorkie). The pathway is highly conserved throughout evolution, with mammalian orthologs, including the Mst1 and Mst2 kinases and the down transcriptional coactivator, Yes-associated protein (YAP). Phosphorylated YAP protein is retained in the cytoplasm and degraded. Pathway activation involves repression of Mst1/2, resulting in YAP translocation to the nucleus where it regulates target gene transcription. The Hippo pathway has been shown to be a key regulator of organ size in mammals. Activation of YAP results in increased cell proliferation and decreased apoptosis and many mammalian cell types. In vivo inactivation of YAP results in reduced liver size, whereas activation results in liver hypertrophy and tumor formation (Zeng and Hong 2008) . In the gut, YAP activation leads to overproliferation of enteric crypt cells, whereas, in the pancreas, it leads to dedifferentiation of acinar cells, suggesting that the Hippo pathway may influence organ size by regulating stem-cell niche size (Barry et al. 2013; Gao et al. 2013) .
Cell polarity and cell -cell contact regulate Hippo signaling and cell competition. Evidence that identifies cell contact and polarity as the main drivers of Hippo pathway activation is rapidly accumulating. YAP activity in mammalian cells inversely correlates with cell density, whereas YAP activation increases stationary density in culture, implicating the pathway in the phenomenon of contact inhibition (Zeng and Hong 2008) . In epithelial cells, acquisition of cell polarity is driven by the assembly of several membrane proteins complexes: Par3/Par6/ aPKC in the apical membrane, Crb/PatJ/Pals1 in the zona adherens, and Dlg/Lgl/Scribble in the basal membrane (Assémat et al. 2008) . The Par3 and Crb complexes have been shown to bind to members of the Hippo cascade, resulting in Yap activation, whereas assembly of the Dlg complex suppresses YAP activation (Varelas et al. 2010; Gumbiner and Kim 2014; Mohseni et al. 2014) . Furthermore, Scribble knock-down results in cell competition in mammalian cells in vitro, raising the interesting possibility that cell adhesion, cell geometry, and/or mechanical constraints might be implicated in cell competition and organ-size regulation (Norman et al. 2012 ).
Cell-Autonomous Growth Control
Cell proliferation may control autonomous growth via epigenetic genome regulation. The size of organs that display unregulated growth is largely dependent on progenitor pool size; however, the mechanism driving growth arrest in these tissues remains poorly understood. Catch-up growth has been observed at the whole-body level, but also in some organs, such as the skeletal growth plates, suggesting that the number of cell divisions undergone is a determinant of autonomous growth cessation. This, in turn, suggests that autonomous growth cessation could be driven by cumulative changes to the genome resulting from successive replication, such as telomere shortening. However, there is little evidence to suggest telomere shortening controls size. Telomere shortening results in cell arrest after a critical amount of DNA damage accumulates (Davis et al. 2003) . In contrast, early postnatal growth deceleration in mammals is characterized by a decrease in proliferation rates rather than by the accumulation of arrested cells. Consequently, telomerase deficiency results in accelerated aging in humans and mice, but normal early growth (Kipling 2001) .
More recently, high-throughput transcriptional analysis has revealed that growth deceleration in juvenile mice is associated with genome-wide down-regulation of cell proliferation and growth gene expression. This suggests that growth deceleration may involve epigenetic regulation by DNA and histone modification (Lui and Baron 2011) . Histone methylation and acetylation patterns, in particular, have been shown to vary with age. Mutations that affect histone modification affect aging and senesce in a manner similar to changes in telomere length (Berdasco and Esteller 2012; Huidobro et al. 2013 ). However, trimethylation of histone 3 K4 (H3K4), which is associated with active gene expression, decreases with age in the loci associated with the juvenile growth deceleration "program." Furthermore, H3K4 methylation accumulation is delayed along with growth in response to nutrient deprivation, and it displays a catch-up increase on nutrient restitution (Lui et al. 2010) . It is still, however, unclear whether H3K4 methylation is directly driven by cell proliferation and could, thus, be part of a cell-proliferation "counting" mechanism.
CONCLUSIONS AND PERSPECTIVES
The complexity of size regulation reflects the anatomical and physiological complexity of the mammalian organism. In this review, we have highlighted the different roles played by morphogenetic growth, which determines the size of progenitor and stem-cell pools, and homeostatic growth, which modulates their activity. The first provides a predetermined "template," limiting organ-growth potential and ensuring conformation of a reproducible body plan, whereas the second "tunes" organ growth in response to intrinsic and extrinsic cues, reflecting the multiple physiological constraints acting on organ size.
However, critical aspects of the process of size regulation remain unclear. For instance, why is stem-and progenitor-cell plasticity "switched off " in most mature tissues? The greater regenerative capacity displayed by lower vertebrates suggests that this plasticity is lost as response to evolutionary constraints. What is the nature of those constraints? What is the molecular basis of plasticity changes? The involvement of cell competition in embryo size control represents an exciting recent development, but the process remains poorly understood. What are the determinants of cell "fitness" and how are they compared across cells? Finally, perhaps the least understood mechanisms are those driving programmed growth. How do cells keep track of growth? With continued attention to the problem, the advent of technologies that allow rapid characterization of genome-wide epigenetic, transcriptional, and posttranslational changes may provide answers to what is one of the oldest questions in animal biology.
